Rationale While alcohol intoxication is known to increase disinhibited behavior, the degree to which disinhibition occurs appears to depend on a number of factors including executive functioning ability. However, the neural mechanisms by which individual differences in executive functioning lead to variable degrees of disinhibition remain unclear. Objectives The aim of the current study was to examine the neural mechanisms by which individual differences in working memory (WM) capacity moderate alcohol-induced disinhibition. Methods Seventeen heavy-drinking males participated in a within-subjects design in which two sessions were completed: an alcohol session (.82 g/kg) and a control session. Participants completed a go/no-go task while undergoing functional magnetic resonance imaging (fMRI) after ingestion of the control or alcohol beverage. WM capacity was measured using an operation span task. Results Significant interactions of session and WM capacity emerged in contrasts examining successful response inhibition within superior temporal gyrus and unsuccessful inhibition in regions within the default mode network. In all cases, individuals with low WM capacity demonstrated a relative decrease in blood oxygen level-dependent (BOLD) response during the alcohol compared to control session, whereas the high-WM-capacity group demonstrated relative increases in BOLD response in the alcohol compared to control session. Conclusions Low WM capacity appears to be associated with decreased neural response to signals indicating a need for behavioral control, an effect that may lead to increased difficulty with inhibiting responses and increased negative consequences from alcohol intoxication.
The historical observation that alcohol intoxication promotes impulsive, disinhibited behavior has led to considerable research on alcohol's acute effects on cognitive and behavioral control. Experimental studies generally support the notion that intoxication facilitates aggressive, risky, or otherwise disinhibited behavior (Ito et al. 1996; Giancola and Corman 2007; George and Stoner 2000; Rehm et al. 2011) . Identifying mechanisms of these effects could facilitate an understanding of alcohol's association with negative behavioral outcomes and potentially inform knowledge of self-regulatory processes central to the etiology of alcohol use disorders, including impaired control over drinking (Field et al. 2010; Weafer and Fillmore 2008) .
Several theoretical models have been offered to explain alcohol-related increases in disinhibited behavior (e.g., Steele and Josephs 1990; Fillmore et al. 1999; Finn et al. 1999; Giancola 2000) . Common to these theories is the notion that alcohol-induced deficits in behavioral control reflect acute impairment of neurocognitive mechanisms critical to ongoing behavioral monitoring, conflict detection, and response regulation (Steele and Josephs 1990; Easdon and Vogel Sprott 2000; Giancola 2000; Curtin et al. 2001; Easdon et al. 2005) . Specifically, acute alcohol preferentially affects performance when there is a requirement to disengage from a prepotent response set in order to execute an alternate, adaptive response, such as in tasks that measure response inhibition (Curtin et al. 2001; Marczinski and Fillmore 2003; Marczinski and Fillmore 2005a, b) . In these tasks, initiation of a prepotent behavioral response set (e.g., responding rapidly to serial presentations of a "go" stimulus) is followed by the introduction of infrequent cues that signal the need for an alternative response (e.g., withholding behavior in response to a "stop" cue). A common finding is that alcohol impairs performance on trials requiring a shift in response set (e.g., inhibit prepotent responses), while often leaving intact the ability to execute the prepotent response (Mulvihill et al. 1997; Fillmore et al. 1999; Marczinski and Fillmore 2005a, b) .
At the neural level, alcohol appears to attenuate neural activity signaling evaluative (i.e., detecting response conflict) and regulative (i.e., adjusting behavior accordingly) components of cognitive control (Ridderinkhof 2002; Curtin and Fairchild 2003; Easdon et al. 2005; Schuckit et al. 2011; Bartholow et al. 2012 ). Alcohol intoxication is associated with reduced error-related negativity to errors without (Ridderinkhof et al. 2002) and with explicit feedback (Euser et al. 2011; Nelson et al. 2011) . Studies using fMRI have largely corroborated evidence from the ERP literature, with alcohol exerting its effects selectively on the detection of response conflict (Marinkovic et al. 2012 ) and subsequent errors (Anderson et al. 2011 ). These effects have been localized to dorsal anterior cingulate cortex (ACC), rostral ACC, and bilateral insula and result from greater blood oxygen level-dependent (BOLD) signal in placebo compared to intoxicated sessions. In addition, the experience of errors appears to be associated with decreased suppression of default mode activation during intoxication, possibly suggesting reduced ability to engage control networks and disengage from the prepotent response set (Anderson et al. 2011) .
Notably, both animal (Poulos et al. 1998 ) and human (Weafer and Fillmore 2008 ) studies suggest individual variability in alcohol-induced impulsivity or response inhibition. Moreover, both theoretical considerations (Field et al. 2010) and empirical data (Weafer and Fillmore 2008) suggest that these differences have potential implications for consumption patterns. Identifying neurocognitive processes relevant for behavioral dysregulation during intoxication therefore has implications for alcohol use disorder etiology (Field et al. 2010) , making it important to identify factors that predict liability for alcohol-related impairment. For example, one model of impulsivity suggests that lower executive functioning predicts a greater increase in impulsive behavior under intoxicated versus sober conditions (Finn et al. 1999) . This prediction was supported in that individuals with lower working memory capacity demonstrated more impulsive responding (as measured by a go/no go task) under intoxicated versus sober conditions, a finding not observed among those with higher working memory capacity (Finn et al. 1999) .
The current study used fMRI to examine acute alcohol effects on BOLD response during response inhibition. The study addressed two primary aims. First, given the recent emergence of neuroimaging work in this area (Anderson et al. 2011; Marinkovic et al. 2011; Marinkovic et al. 2013) , we aimed to further characterize brain regions associated with alcohol-induced changes in neural activation during response inhibition. Based on evidence from EEG studies (Ridderinkhof et al. 2002) and initial fMRI studies (Anderson et al. 2011; Marinkovic et al. 2011 Marinkovic et al. , 2013 , we predicted that participants would display reduced activation in regions important for cognitive control (Aron et al. 2004 ) and error monitoring (Gehring and Fencsik 2001; Taylor et al. 2006; Chevrier and Schachar 2010) during intoxicated versus sober conditions. A second aim was to evaluate individual differences in working memory capacity as a moderator of alcohol's effects on neural correlates of response inhibition. We predicted that baseline working memory capacity would moderate alcohol's effects on neural activation during response inhibition, such that alcohol-induced decreases in activation in areas critical for response inhibition (Aron et al. 2004; Aron 2007; Simmonds et al. 2008; Swick et al. 2011 ) would be more pronounced among individuals with low versus high working memory capacity.
Method
Twenty-two men participated in the study (mean age 25.94 years, SD=3.45; range 21-35 years). Potential participants were identified based on participation in a prior fMRI study (Claus et al. 2011 ) and screened to ensure that they met the following inclusion criteria: age 21-35, regular heavy drinker (defined as at least five episodes of five or more standard drinks in the last 30 days), no reported medical conditions or medications for which alcohol was contraindicated, not currently taking psychiatric medication, no recent use of drugs other than cannabis, no history of treatment for alcohol problems, and not currently trying to reduce drinking or seek treatment for alcohol use. Additionally, participants were excluded if they endorsed any criteria that would prohibit completing MRI scans (e.g., metal implants, claustrophobia, and head injury). Participants' mean score on the Alcohol Use Disorders Identification Test (AUDIT) was 12.76 (SD=6.89). The racial composition of the sample included Caucasian (12), Latino (three), Native American (three), Asian (one), and mixed race (three). Six participants endorsed Hispanic ethnicity. Participants who met inclusion criteria were scheduled for two fMRI sessions spaced 1-6 weeks apart depending on scanner availability (M = 16.8 days, SD=13.5). Scan sessions included administration of alcohol or control beverages in a within-subjects, counterbalanced design. Participants were instructed to abstain from alcohol or recreational drugs for 24 h, to refrain from eating for 3 h, and not to drive to the session. On arrival participants provided a breathalyzer reading and a urine toxicology screen (for opiates, cocaine, and amphetamines).
Beverage manipulations
Alcohol condition In the alcohol condition, participants consumed a bolus dose (0.82 g/kg) of 100-proof vodka mixed with fruit juice at a 1:4 ratio. Participants received beverages in three equivalent portions and were allotted 3 min to consume each. The procedure utilized ideographic wait times following beverage consumption, an approach demonstrated to reduce variance in BAC (George et al., 2009; Schacht et al. 2010) . Prior research on this procedure suggested that the current dosage would yield a peak breath alcohol concentration of approximately .09 g% (Schacht et al. 2010) . Upon finishing the beverages, participants provided breath alcohol concentration (BrAC) readings (Alco-Sensor IV, Intoximeters Inc., St. Louis, MO, USA) every 3 min until a criterion BrAC (.06 g%) was reached. Upon reaching the criterion BrAC, participants proceeded to the MRI room. Additional BrAC measures were obtained immediately prior to and following the fMRI session. Following the alcohol session, participants remained in a private room until BrAC descended below .03 g%, at which point they were compensated and discharged.
Control condition During the control session, participants consumed fruit juice in an amount equivalent to the bodyweight-adjusted volume that the participant consumed (or would consume) in the alcohol session. Our procedure included a modified yoked control design (Giancola and Zeichner 1997) to reduce experimental variance in wait times between beverage administration and the onset of experimental procedures, given the use of ideographic wait times in the alcohol session. For participants randomized to complete the alcohol session first, the wait period (i.e., between beverage consumption and the onset of experimental procedures) in the control session matched the wait period from the prior alcohol session. For participants randomized to receive the control condition first, wait times were assigned by yoking the participant to another participant who had already completed an alcohol session. This approach serves to minimize overall variability in wait time.
Randomization occurred before the first session in accordance with a counterbalanced design. Because a placebo manipulation was not utilized, participants were aware of condition assignment. However, to minimize expectancy leading up to the session, they were informed that randomization to alcohol or control conditions would occur independently at each session and were not informed about assignment until arrival at each session. This study used a no-alcohol control based on the prediction that a credible placebo could not be implemented at this dosage, particularly in the context of a withinsubjects design with lengthy assessment procedures. Imaging studies with similar designs suggested an inability of placebo to induce perceived intoxication (Anderson et al. 2011) , which can pose concerns for interpretation (Martin and Sayette 1993) . Therefore, the effects measured in this study reflect the influence of pharmacology inclusive of any potential expectancy effects.
Self-report and behavioral assessments
Alcohol use and problem drinking The Alcohol Use Disorders Identification Test (Babor et al. 2001 ) is a ten-item measure assessing hazardous drinking. Items cover quantity/ frequency of drinking (three items), dependence symptoms (three items), and alcohol-related consequences (four items). Previous research supports the validity and psychometric properties of the AUDIT (Kokotailo et al. 2006 ). The Timeline Followback (Sobell et al. 1992 ), a calendar-based approach for assessing substance use, provided estimates of participants' recent (past 30 days) drinking (number of drinking days, drinks per drinking day, and number of heavy episodes (defined as five or more drinks on one occasion)), as well as the number of tobacco and marijuana use days. Participants also completed a generic measure of drinking history (e.g., age of onset).
Go/No-go (GNG) The GNG task was based on the task presented by Kaufman and colleagues (2003) . During the task, participants viewed an alternating sequence of Xs and Ys and responded with a button press on every trial. However, if the letter was repeated (e.g., X followed by X), participants were instructed to withhold their response. No-go trials occurred approximately 10 % of the time within the trial sequence. Each letter was presented for 700 ms and was followed by a 300-ms fixation cross. Each 2-s functional scan included two trials, with the position order of inhibition trials counterbalanced within a functional run. Participants completed two runs of the task; each run was 5 min and 32 s in length.
Working memory Working memory capacity was assessed using the automated operation span task, which has been used extensively in studies of individual differences in executive function (e.g., Unsworth et al. 2009) . In this task, participants are required to remember letters while performing basic math problems under time restrictions. On each trial, participants alternate between a single-letter presentation and a true/false math problem (e.g., 2*4+3=12) and then must recall the letters in order at the end of each sequence, which includes two to eight letters. From this measure, a total score is computed that represents each individual's operation span, which is used to determine high or low working memory capacity.
fMRI methods
Image acquisition All MRI data were collected on a 3-T Siemens Trio (Erlangen, Germany) whole-body scanner. Participants were placed in the scanner, and a piece of tape was placed across the forehead to serve as feedback for movement reduction. Following localizer scans, an echo-planar gradientecho pulse sequence (repetition time (TR)=2,000 ms, echo time (TE)=29, flip angle=75°) was acquired with an eightchannel head coil, and images were acquired parallel to the ventral surface of a participant's orbitofrontal cortex to reduce signal dropout and distortion in this region (Deichmann et al. 2003) . Each volume acquired consisted of 33 axial slices (64× 64 matrix, 3.75×3.75 mm 2 , 3.5-mm thickness, 1-mm gap). In addition, a high-resolution T1-weighted magnetizationprepared rapid acquisition with gradient echo (MP-RAGE) anatomical image was acquired (TR=2,530 ms, TE=1.64 ms, flip angle=7°, 192 sagittal slices, 256×256 matrix, slice thickness=1 mm, no gap) for each participant.
Image analysis All image analyses were completed using Functional Magnetic Resonance Imaging of the Brain (FMRIB)'s Software Library (FSL) version 4.1.0 (Smith et al. 2004 ). The first three volumes of each functional run were discarded to allow the magnet to reach steady state. Motion Correction using FMRIB's Linear Image Registration Tool (MCFLIRT; Jenkinson et al. 2002 ) was used to realign functional images. Images were then deskulled using the Brain Extraction Tool (BET; Smith 2002), spatially smoothed with a 5-mm full-width half-max Gaussian kernel, temporally filtered using a high-pass filter of 50 s, prewhitened using FMRIB's Improved Linear Model (FILM) and grand mean intensity normalized; all of these steps were performed using FEAT (FMRIB Expert Analysis Tool; Smith et al. 2004 ). In addition, motion parameters for each participant were entered as covariates of no interest in the statistical model. The MP-RAGE anatomical image was deskulled using BET and used for registration to the MNI 152 template brain.
Analyses focused on each given trial type within the go-no-go task as well as contrasts of interest. For the first analysis, customized regressors were created for each participant for three conditions of interest: correct no-go, incorrect no-go, and incorrect go. Each task regressor included the onset time of the event with duration of 700 ms; correct go trials were the implicit baseline. Statistical analyses were performed using the general linear model as implemented in FEAT. Customized square waveforms representing the condition of interest were convolved with a double-gamma hemodynamic response function. Time series analyses were conducted using FILM ) with local autocorrelation estimation. In addition, temporal derivatives were added to account for variability in that deviated from the canonical hemodynamic response function. This first-level analysis generated parameter estimates and contrast images of correct no-go > correct go (i.e., baseline) and incorrect no-go > correct go.
Contrast maps were then registered to the participant's high-resolution anatomical image and the MNI 152 brain template using FMRIB's Linear Image Registration Tool (FLIRT; Jenkinson et al. 2002) , and individual runs within a session were combined using a fixed-effects model in FEAT. Difference maps were computed for the control-alcohol sessions for each contrast of interest, and these contrasts were tested at the group level using FMRIB's Local Analysis of Mixed Effects (FLAME) stage 1. To protect against false positives, we used 3dClustSim to determine the minimum cluster size required to reduce alpha to .05 using a voxelwise threshold of p<.01.
Results
Preliminary analyses identified four participants who did not have reliable data on the go/no-go task, presumably due to not following or understanding instructions (error rates on go trials >50 %). An additional participant had missing data for one session due to discontinuing the study, and a final participant was dropped because of a malfunction that resulted in loss of data for the alcohol session. These participants were removed from subsequent analyses, leaving a total of 17 participants for primary analyses (see Table 1 for descriptive information). All participants were verified as having a BrAC of 0.00 g% upon arrival to the sessions. During alcohol sessions, the criterion BrAC (.06 g%) was attained, on average, 25.33 min (SD= 4.86) following the start of beverage consumption. Participants had a mean BrAC of .070 g% (SD=.009) immediately before entering the scanner and .070 g% (SD=.015) immediately upon completing the scan. Thus, the use of idiographic schedules appeared to yield minimal variability in BrAC values relative to the high variability often observed in oral alcohol administration paradigms (O'Connor et al. 1998 (O'Connor et al. , 2000 Ramchandani et al. 1999 ).
Behavioral results
Analysis of behavioral data focused first on the effects of beverage condition on five task parameters: proportion of correct go, proportion of incorrect no-go, d′, response time (RT) to correct go trials, and RT to incorrect no-go trials. d′ is a measure of response sensitivity and is computed by subtracting the z score of proportion incorrect no-go from the z-scored proportion correct go value. Paired sample t tests indicated no effect of beverage condition on proportion correct go (alcohol M Associations of working memory with go/no-go task performance Three participants did not have working memory (WM) data, leaving 14 participants for analyses involving WM. A median split was computed for all WM analyses using the final score for the operation span task, which adjusts for the number of math errors committed. Because the median value was equivalent to the score for two participants, the total operation span score (total number of correctly identified letters, irrespective of order) was used to classify one participant as low working memory and one as high. Importantly, all working memory analyses were run using seven participants in each group as well as with the two participants whose scores were equal to the median removed. In all analyses, behavioral and fMRI, significant relationships remained in both sets of analyses. The low-WM group reported a younger age of first regular drinking (t(12)=2.17, p=.05); otherwise, the two groups did not differ significantly on alcohol or other substance use outcomes ( Table 2 ).
The association of WM with behavioral measures of response inhibition was examined in two steps. First, associations of the WM group with the five task parameters (proportion hits, proportion false alarms, d′, RT to correct go trials, and RT to incorrect no-go trials) were examined using independent sample t tests; these analyses were conducted separately by beverage condition. Individuals with higher WM performance displayed significantly lower rates of incorrect go trials when sober (t(12)=2.97, p<.05) and higher d′ values (t(12)=2.31, p<.05) when sober. No other associations were significant (all ps>.15). Second, we examined whether the WM group predicted alcohol-induced impairment on response inhibition by computing difference scores (alcohol − control) for each go/nogo task parameter of interest and examining their correlation with WM performance. This analysis yielded no significant effects of WM on alcohol-induced changes in behavioral task performance (ps>.3). However, when examining RT data within each group, we found that RT for correct go and incorrect nogo showed marginal differences for the low-WM group (t(6)= 2.37, p=.055 and t(6)=2.08, p=.08, respectively) such that low-WM participants responded faster in the alcohol condition compared to the control condition (mean go RT difference= 30.4 ms [38.7] ; no-go RT=29.0 ms [32.3]). No differences in RTs were noted for the high-WM group (both ps>.4).
fMRI results
Task main effects Combining both sessions across all subjects revealed main effects within our contrasts of interest. Within the correct no-go > correct go comparison, we found significant differences in bilateral inferior frontal gyrus/insula, bilateral dorsolateral prefrontal cortex, dorsal anterior cingulate cortex, striatum, bilateral inferior parietal lobe, supplemental motor area, precuneus, and right temporal pole (see Table 2 and Fig. 1a ). In the incorrect no-go > correct go contrast, we Table 2 and Fig. 1b) .
WM × task When examining the effect of WM on response in the correct no-go > correct go contrast (across sober and intoxicated sessions), we found significantly greater response in the high-WM group in the occipital pole, lingual gyrus, and posterior cingulate cortex (Table 3) . When examining the effect of WM on the incorrect no-go > correct go contrast, the high WM was found to have greater response in the lingual/fusiform gyrus, right middle frontal gyrus (MFG), right frontal pole and right OFC (Table 3) .
Beverage × task When examining each contrast (correct nogo > correct go and incorrect no-go > correct go), we found significant differences between alcohol and juice conditions in the right MFG in the correct no-go > correct go contrast only.
Beverage × task × WM Examination of the three-way interaction revealed significance in the left superior temporal gyrus within the correct no-go > correct go contrast, indicating a negative relationship between WM capacity and the difference in response within the correct no-go > correct go contrast. As seen in Fig. 2b-f , the low-WM group showed greater reduction in BOLD response when comparing alcohol to juice scan sessions than the high-WM group.
Similarly, there was a significant interaction in the Incorrect no-go > correct go contrast within alcohol and juice sessions in the medial prefrontal cortex (PFC), posterior cingulate cortex, and bilateral lateral occipital cortex/superior temporal gyrus. In all cases, the high-WM group showed increases in BOLD response during the alcohol compared to juice condition, whereas the low-WM group showed decreases in BOLD response in the alcohol compared to juice condition (see Fig. 2 and Table 4 ). 
Discussion
The current study examined the effects of acute oral alcohol on behavioral and neural measures of response inhibition and also examined the moderating influence of working memory capacity on alcohol-induced impairment. Results suggest that individual differences in working memory capacity influenced the degree of neural change under intoxication, providing further evidence for the hypothesis that high baseline levels of working memory capacity may act to protect individuals from alcohol-induced impairment of cognitive function (Finn et al. 1999 ).
Effects of acute alcohol on response inhibition and error monitoring
Consistent with prior research (Vogel Sprott et al. 2001; Marczinski and Fillmore 2005a, b; Fillmore and Rush 2006; Marczinski et al. 2007 ), a moderate dose of alcohol impaired performance on a go/no-go task, specifically in the number of inhibition errors. Acute alcohol also affected neural responses during failed inhibition trials; examination of incorrect no-go trials between intoxicated and non-intoxicated conditions revealed differences in right IPL within the failed inhibition contrast. The IPL has been implicated in both successful and Z=2.3 5 a b Fig. 1 Main effects of correct nogo > correct go contrast (a) and incorrect no-go > correct go contrast (b) across all subjects and both sessions All clusters were corrected using a voxel threshold of p<.01 and a minimum cluster size determined by Monte Carlo simulations to meet corrected p values of .05
PCC posterior cingulate cortex, OFC orbitofrontal cortex, MFG middle frontal gyrus unsuccessful response inhibition. Specifically, it is believed that the IPL plays a critical role in maintaining stimulusresponse associations in concert with the prefrontal cortex and has been implicated in awareness of errors (Simmonds et al. 2008; Hester et al. 2009 ). The difference observed between alcohol and control conditions may reflect reduced capacity to keep these representations online during the intoxicated session, and as a result, error awareness is reduced. The relative lack of BOLD findings between the control and alcohol sessions was unexpected, as several other studies have examined response inhibition and error-related processes using similar response inhibition tasks under sober and intoxicated conditions in an fMRI context. Prior studies have found decreased response during alcohol sessions compared to control/placebo sessions in medial frontal (dACC, subgenual ACC, and dorsomedial ACC), inferior frontal gyrus, and superior temporal gyrus/IPL when examining errors (Anderson et al. 2011; Gan et al. 2014; Marinkovic et al. 2011 Marinkovic et al. , 2013 . However, one study did not appear to find any main effects of alcohol versus placebo on a stop signal task (Kareken et al. 2013) , suggesting that individual differences may exist that may moderate alcohol effects of BOLD response.
Moderating effects of working memory capacity on alcohol-induced BOLD changes
While the effects of alcohol have been studied increasingly using fMRI, no study to date has examined the moderating role of working memory on alcohol's effects on response inhibition despite prior behavioral studies showing the importance of WM capacity as a moderator of alcohol-induced disinhibition (Finn et al. 1999) . In the present study, we found similar patterns of BOLD response differences in both the correct inhibition and failed inhibition contrasts. Specifically, in all cases, low-WM participants showed a decrease in BOLD response during the alcohol compared to juice condition, whereas the high-WM participants showed increases in BOLD response during the alcohol compared to control condition. Fig. 2 Moderating effect of working memory capacity on alcoholinduced changes in BOLD response during correct inhibition (orange cluster in a; b) and errors (blue clusters in a; c-f). Plots of signal change by beverage condition and working memory capacity group for each significant cluster presented in a In the correct inhibition contrast, we found that alcoholinduced differences in BOLD signal were moderated by the WM group in the left superior temporal gyrus/left inferior parietal lobe. The left superior temporal gyrus (STG)/IPL has been reported in a meta-analysis of complex GNG tasks (Simmonds et al. 2008) and is implicated along with the frontal cortex in maintaining stimulus-response associations, which would be particularly important in the current GNG task that required constant updating of the prior stimulus in order to respond or withhold appropriately (Gottlieb and Snyder 2010) . These findings suggest a potential neural mechanism by which individuals with low WM capacity are particularly affected by the acute effects of alcohol, namely, that they experience a reduced ability to track and update stimulus-response associations in the service of goal-directed behavior (i.e., stopping), which may put them at increased risk for participating in risky activities. In contrast, high-WM-capacity individuals actually increased engagement of the STG while intoxicated, possibly a compensatory mechanism that allows these individuals to avoid potential negative consequences associated with drinking. Prior work suggests that working memory capacity may act as a moderating factor in preventing problems with alcohol in high-risk individuals (Finn and Hall 2004) , and the result from the inhibition contrast may be one mechanism by which WM capacity buffers individuals.
In the failed inhibition/error contrast, we found that WM capacity significantly moderated neural response in medial PFC, precuneus/posterior cingulate, and bilateral lateral occipital cortex/superior temporal gyrus. As with the correct inhibition findings, in all cases, low-WM participants showed a relative decrease in BOLD response, whereas high-WMcapacity participants demonstrated an increase in BOLD response during the alcohol compared to control session. Given that no association of WM capacity was found with the number of failed inhibitions, these results may suggest two potential mechanisms by which alcohol results in poor behavioral control. The interaction effect in medial PFC and precuneus/ posterior cingulate highly overlaps with regions associated with the default mode (Raichle et al. 2001) . In fact, studies have shown that while these default mode regions are typically suppressed below baseline during performance of a cognitive task, a failure to suppress this default mode of response is associated with subsequent errors (Li et al. 2007; Eichele et al. 2009 ). Whereas the high-WM group shows a failure to suppress these regions during the alcohol session, which may be a potential cause of increased errors in inhibiting, the low-WM group actually suppressed this set of regions to a greater degree during the alcohol compared to the control session. This finding, along with the faster response times on go trials for the alcohol compared to juice session in the low-WM group, may suggest increased myopia toward the prepotent "go" response in the low-WM group that is ultimately not useful for trialspecific behavioral control. The other regions observed in the failed inhibition contrast (i.e., bilateral lateral occipital cortex and superior temporal gyrus) also typically show deactivation in the contrast of no-go incorrect > go correct (Hirose et al. 2012; Claus et al. 2013) . The reduced suppression in the high-WM group is thus consistent with prior results, whereas the low-WM group's increased suppression may point to increased myopia toward go trials in the alcohol condition for the low-WM group. Future studies with larger samples using tasks specifically designed to distinguish between inhibition failures due to enhanced prepotency versus lapses in attention will be key for determining the mechanisms that underlie different types of inhibition failure.
Clinical implications
The findings from the current study have several clinical implications as well. For example, a prior laboratory study found that greater alcohol-induced impairment on a response inhibition task under intoxicated versus sober conditions predicted higher levels of ad libitum alcohol consumption in a subsequent laboratory session (Weafer and Fillmore 2008) . The current findings suggest a basic neurobehavioral mechanism that may predict who is likely to experience deleterious outcomes after alcohol intoxication , including difficulty in controlling alcohol intake once a drinking episode begins (Weafer and Fillmore 2008) . These findings are also relevant for alcohol use disorders more generally. For example, in a study of detoxified alcohol-dependent patients, greater neural activation during N-back performance (i.e., working memory) in ventrolateral and rostral PFC was associated with reduced relapse risk over a 7-month follow-up period (Charlet et al. 2013) . Although our study focused on baseline executive functioning, future studies should evaluate additional measures of executive function (including WM) under intoxicated and sober conditions to examine whether alcohol-induced changes in activation correlate with measures of relapse or impaired control over drinking.
Limitations
While the results of this study are compelling, some limitations must be considered. The use of a small, male-only sample limits the generalizability of the findings. However, given prior research providing evidence of the effects of alcohol on response inhibition and the moderating effects of working memory on alcohol-induced disinhibition (Finn et al. 1999) , we are more confident in our results which suggest a potential neural mechanism by which working memory capacity buffers some individuals from disinhibitory effects of alcohol. Future studies with larger samples will be critical for confirming the findings of the current study. One unexpected finding of the current study was a younger age of first drink and a higher number of maximum drinks (although this effect was not statistically significant) in the low-WM group, which could suggest that duration of drinking history may explain some portion of the effects observed in the current study. Prior work has demonstrated that early age of onset of problem drinking is associated with reduced behavioral control (e.g., Bjork et al. 2004) and that the disinhibiting effects of alcohol are greater in binge drinkers than non-binge drinkers (Marczinski et al. 2007 ). Thus, the moderating influence of WM capacity observed in the current study could be explained by these other variables; future studies should systematically examine this possibility by stratifying WM groups based on age of first drink and current drinking levels to rule out drinking history as a potential confound. Additionally, marijuana use was higher in the high-WM group and may have confounded the results. Unfortunately, because all three heavy users of marijuana were in the high-WM group, it was not possible to disentangle the effects of marijuana from WM. Thus, it remains possible that at least some portion of the variance explained by WM capacity may actually be explained by marijuana use. Future studies should more carefully stratify based on marijuana usage patterns.
Another limitation is the absence of a placebo manipulation to match expectancy set across sessions. The use of a noplacebo control reflects concerns about the viability of a placebo at the current dosage (Martin and Sayette, 1993) , particularly given (a) the within-subjects design and lengthy assessment procedures in this study and (b) apparent difficulty in inducing perceived intoxication with placebo manipulations in similar contexts (e.g., Anderson et al. 2011) . The current design avoids inferential problems arising from placebo manipulation failures (Martin and Sayette 1993) and maximizes confidence in inferring participants' expectancy set. Also, results from this design have greater relevance to naturalistic drinking scenarios compared to a two-cell placebo-controlled design (Martin and Sayette 1993) . However, these advantages come at the expense of evaluating incremental effects of pharmacology over expectancy, which is an important consideration given evidence for compensatory behavioral (Fillmore and Blackburn 2002; Marczinski and Fillmore 2005a, b) and neural (Gundersen et al. 2008 ) effects after placebo manipulations. Evidence for compensatory neural effects in the direction opposite of alcohol effects (Gundersen et al. 2008) suggests that the present results might provide a conservative estimate of pharmacological effects. Future studies should use at least three conditions (control, alcohol, and placebo) to evaluate relative effects of pharmacology and expectancy, as well as the possibility of compensatory behavioral and neural responses relevant to task performance.
